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Suinmary 



f - "^^ fiv t humani g^tric and 11 human colonic adenocarcmomas wer^ 
^^tor^:^ io «de pattern and for «^tb^SSI- 
^25'v d acid - In ™«>st carcinomas the content of bdthlipTd, 

bound and protein-bound neuraminic acid was. increased by an average of tour- 

; gmbted that of normal tissue. In six gastric carcinomas the content of lipid- 
bound neuraminic acid and the ratio of lipid-bound Neuraminic acWW pro-^ 
tem : bqund neuraminic acid (L/P ratio) were lower than those of n^ W 

- umbub 083 ' Significan ^ than the Sto 



Introduction 



; in IZ.K»T f a uT°u and Murakami HI demonstrated glycoli pid changes 
m fibroblasts of baby hamster kidney and the derived spontaneous or polyoma 
virus ^nsformants, variously transformed cells have bin the subject of S 
^Sl? 6 "ft**™ W been extensively by Sori 

there 2*??* 131 In chemicaU y or virally trahsformed cells 

ISiZr , i a WOC , k m the Synthesis of ^glibsides; this block causes a 
simplification of the ganglioside pattern (2,31 

The interesting results obtained in the studies with cultured cells prompted 
mours Toll * h ™S e * COU,d 1» ** f-undin human malfgnar.f tu 

EES' ? n th ' T Iy * f ! W StUdieS dealing with this problem have been pub- 
lished. In the most recent report. Karlsson et al. found only haematoaides in 



* To whom correspondence should b» addrentd. 
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human kidney [4]. Unfortunately the normal ganglioside composition of 
human kidney is not known, and therefore possible changes in the ganglio- 
side pattern could not be detected. 

Changes in the content of neuraminic acid have also been described for 
both transformed cells and solid tumours. In virally transformed cells a de- 
creased content of neuraminic acid has been found [5— 8], whereas human 
kidney carcinoma [4j and human leukaemic leucocytes [9] have shown an 
increased content of sialic acid ; 

In an earlier study we were able to detect nine different gangliosides in 
the normal human gastrointestinal mucosa [10], Both haematosides and sialo- 
tetra^ycosylceramides weire ^ found differences in the content 
of both the lip id-bound' and protein-bound neuraminic acid of gastric, small 
intestinal and colonic im^ ; ? ? ! ^ 

To determine whether the ganglioside pattern and neuraminic acid content 
of human malignant tissue differs from that of normal tissue, we analysed the 
ganglioside pattern of 25 human gastric and 11 human colonic adenocarcino- 
mas, determined their ^ neuraminic acid content and compared the results to 
those obtained from nonnal gastrointestinal mucosa [10], 

Material and meth^l^ v.;:. -. *f;r. 

Tuniourmaierial^ : ' '" ■. ^>*^£&M^?\ M^:^ y; r , 

TKe tiunotirs Mere> pb^nfcd^ operated ibinf for gaistric^c 

noma and 11 patients operated on for colonic carcinoma. : Small pieces . of .. the - 
tumours were examine^ for the histo diagnosis; All the tumours were of 
the adenocarcinoma type; Imme^ operations the tumouis were 

macroscopically separated from th^ and washed with +4° G valine. 

: All - macrorcopicajl^ the tumour were also remov^ . } 

Gastric tumours weij^^^^^ g (mean ± S.D. 106,6 ± 7fc3f£)^ 

and colonic tumours f^ 1^4: g^ i91i7^(mean ± S.D;, 56^0 :t 51:0 g)^ - V 

- Reference material ~ ^M^^&fiW? ...... ■ 

The reference tissue consisted of human gastric and colonic mucosa obtained 
from cadavers. The ganglioside compos^ these tissues has been presented 
in detail elsewhere [10^ autopsy material is comparable id : 

material jpbt^ed^ifirc^ analysed stomachs resected bfe-r 

cause of gastric ulcer . Tteg^^ and neuraminic iacid content/; 

of the rented sections were identical with those of the autopsy material^; - r hl 

Extraction, purification of the gangliosides : ^ " - 

\ The methods used have been present detail elsewhere [10]. Lipids were 
extracted from the tissue with a chloroform/methanol mixture. The extracts 
were partitioned with water and the upper phases dialysed against running tap 
water* The gangliosides were purified with cellulose [11] and silicic acid [12] 
column chromatography. Thin-layer {13] and gas-liquid [14,15] chromatog- 
raphy were used for the characterisation of the gangliosides. 
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Quantitative analytical methods 

t^ e ^ CainiC US*"* 8 determined according to the method of Svennerholm 
[16,17] as modified by Miettinen and Takki-Luukkainen [18]. In thedetermi- 
"P ,d *bo»»nd neuraminic acid, chloroform-methanol extracts were 
used. The samples for the determination of total tissue neuraminic acid were 
obtained by the homogenisation of tissue in water. The values for protein- 
bound neuraminic acid were obtained by subtracting the values for lipid-bound 
neuraminic acid from those for total neuraminic acid. 

at loo 0 ? 8 * 1 ' Val " e8 Wefe Pbtaihed by drying tis8Ue sam P les to instant weight 
The relative amounts of different gangliosides in a carcinoma were deter- 
mined with the thin-layer chromatography method of Suzuki [19] as modified 
by Heranen [10], 
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PROTEIN BOUND NANA pmol/IOOg wt walQht 

Fig. 1. Content of Upid- and protein-bound neuraminic acid in 26 human uvUle canc«r*. Numbwd 

CMU »" <•*• T * b1 * ">•' **** PercenUf ntlo of lipid-bound neurtmkie «*« tonuni 
to protein-bound neuraminic acid conUnt. 
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Results 
Gastric cancer 

Twenty-five human gastric carcinomas were analysed. The results are pre- 
sented in Fig. 1 and Table I. 

Content of lipid-bound neuraminic acid. The amount of gangliosides in the 
gastric carcinomas varied greatly. Most of the carcinomas had a higher content, 
up to 22.6 /imol of AT-acetylneuraminic acid per 100 g wet weight, than normal 
human gastric mucosa. On average, the ganglioside content in the carcinomas 
was four-fold th.^ : >■ 

In five carcinomas the amount of gangliosides was approx. half of that -of 
normal tissue. vV'*' : ■^^■-•"■■^/•^r- : ~- - ' 

Thin-layer chrpniato&aphic a^^ patterns of the carcirio- 



TABLEI 

CONTENT OF LIPID-BOUND AND PROTEIN BOUND NEURAMINIC ACID IN 26 HUMAN GASTRIC 

CANCERS *rv-V^y- -.-sv-.v ■■•v.-. - • - • ; 

The numbers of the cancers cbrreispond with those in Fig. 1. ; ' ; 



No. 



3 
4 

5 

6* 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20; 
21 
22 
23 
24 
25 



Tumour 

weight'. * 
(g) Vf 



'Neuraminic acid, expressed as NANA 



! ^jumol/ 1 00 Vof we t weigh?, V ; : . jumol/lOC g of dry weight 



L/P 



t (Upid*ooundv4> ; Protein-bound Lipid-bound Protein-bound 



140.0 ; 

107.0 

124.0 : 

330.0 

100.0 

284.4 ' 

159.0 

93.0 ! 
104.0 
152.0 " 
, 71.0 ' 

25.6 
145.0 
66:1 
24.5 
63.8 
152.0 
91.0 
126.0 
96.0 
36.0 
72.0 
42.0 . 
34.0, 
16.5 



Normal tissue * * 



i-'i.**' 

^2Vi-^ 

";6;3^> 

10.5 • 

; 7.8 '". 

/5.5 V .. 

I 

2b:8r; 

'1&70 

-■16.7: 
13.6:' 

22.6 

. : 2.ri : 

0.4 



^2*8-.' ; 
.'V'374--' 

- 201 
149 

■ T - ; *8iir. 

..r-221 'V 

-;';268^ 
V 185 7 
V220 . 
.Vil7- 
108 

•^•143-;: 

"v.299 
;i71 

206 ; 

166.?; 
/;160 ; v 
: 136 

'-V...BI * 
■■' 11^ 



6.4 
7.6 
6.0 
7.2 
10.4 
80.9 
17.9 
18.4 
21.0 
30.6 
36.0 
34.2 
43.2 
52.7 
29.4 
43.7 
36.9 
25.6 
47.8 
121.0 
61.7 
53.8 
58.3 
93.8 
103.5 

16.8 1 
2.6 



1493 
1723 

993 
1059 

751 
7687 
1437 

735 

777 
1111 
,1192 . 

931 
1126 
1296 

697 
1001 

810 

505 . 

796 
1769 

773 

668 

711 

782 

623 

• 494 ± 
63 



0. 4 

06 ; 

1. t 

''M';ifr : 
2.5 

-2.B "... 
' ,3:6 

3.7 - : 

;;3;9 
• tit-?-, 
•4.2;.. 

*' : .4.4 V v 

.5.1 \l; 

} 6.6£ 
7,0; \ 
8<T>. 
*.l';, 

12.0 
16j6 i 

0.8 



* Tumour containing large. amounts of mucus. . 
** Values are expressed as mean ± S.D. of 20 samples (see ref. 10) 
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mas were compared to normal patterns with thin-layer chromatography. All 
nine gangliosides of normal gastric mucosa [10] were detected in each tumour 
sample. A great similarity can clearly be seen between the ganglioside patterns 
of the normal and malignant tissue on thin-layer plates (Fig. 2). All the com- 
plex mono- and disialotetraglycosylceramides, both galactosamirie and glu- 
cosamine containing, were present in an approximately normal amount. Accord- 
ing to the quantitative analysis the relative amounts of different gangliosides 
were approximately normal. 

Content of protein-bound neuraminic acid. The amount of protein-bound 
acetylneuraminic acid (NANA) was higher than normal in all the samples. On 
average, the content was 2.3-fold that of the normal tissue and ranged from 
108 timol to 374 /imol/100 g wet weight, mean ± S.D. 200 ± 61 pmol g wet 
weight. Carcinoma No. 6 was omitted because of its extremely high content of 
protein-bound NANA, 91 8 /imol/100 g wet weight, a finding which agreed with 
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Fig. 2. Thin-layer chromatograra of gangliosides obtained from human gastric carcinomas A, normal 
gastric mucosa. Cancers: B, No. 7; C, No. 10; D, No. 15; E, No. 19; F. No. 22 (sec Table 1). The shorthand 
nomenclature for gangliosides worked out by Svennerholm [351 was used. C M i x U mononeuraminylte- 
tragiycosylceramide containing glucosamine and G Dlx is dlneuraminyhetraglycosylceramlde containing 
glucosamine. The developing solvent was n-propanol/concentrated ammonia /water (6:1- 2 % v/v/v);the 
spray was resowinol. 
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the high content of mucus seen in the histological examination. To find out if 
there was any correlation between the two parameters analysed above and tu- 
mour weight, both wet and dry , - we performed a linear regression analysis (Ta- 
ble II). No correlation was found. When the carcinoma material was grouped 
according to the ratio of the lipid bound neuraminic acid content to the pro- 
tein-bound ^ neuraminic acid content (L/P ratio), three groups were obtained 
(Fig. 1). In the first #oup (group A)yjsix carcinomas had an L/P ratio thiat was 
smaller than normal. The second group (group B) consisted of 11 carcinomas 
with an LI? ratio that; Was ;^ith|in normal limits, 3.5 ± 0.8%., All other carcU 
nomas belonged to the ^ird groujp (group C) and had an L/P ratio that was 
larger thM normd^ : ■ > : i.V ■ r " - ,;■ ' ■ < ■ : 

The mean tum<^ the groups were tested against each other (Ta- 

ble II). An { one-factor showed a significant difference be- 

tween the grqupi (/> test; group A difr 

fered significantly (p ^ 0:05)'frorii the groups B and C. The difference betweeh 
groups B and C was not significant. On the basis of this statistical analysis, it 
can be concluded that tumours in group A are significantly bigger than the rest 
of the tumours. ■ ■■-■^•^.y-: .-: >. v.-, . .• 



Colonic cancer 



Eleven colonic jc^ihbm^'^ The results are presented in Tabl^ i 

III and Fig. 3. }^~'^"- -.v-"-^* x* • • .: 



TABLE II 



GROUPS 



Group 



Tumouri^;^L/P:(%> /*" /{■ ^ Wei&tfitiyli . 



Correlation coefficient,* 



r 2 



• l-7§ 

8-17 

18-25 
1—25 



<2:5" 



(A-B) 
(A-C) 

(B-C) 



;<0.05 
1<0.05 

N.S. 



6.63 ■ —0.13 ^20 

V'^-0.27 - ..*: ^.35^-^27; 

. -0.77 — 0.53! V ; p.2l. 
*-0.5B ^66;.. ; 0.16~ 



Statistical analysis 1 



Analysis of variance, one factbVv ^ 



Source 



Within 
Between 



68077 -. :'V;-"--'-2'l & fy* '':*32*42^'-'--'' "■ - •*■• " 
' 32887 *" 



Stu dent-Newman- Kculs*s test 
Source dx : D' ^ * pV.' 'V* 



21 

..*;2 



3242 

^tAl43>;1-i:6i07/:: ; <0.025 



a<; 

A-B 

B-C 



96 
71 
25 



82 
63 
57 



;<o;o5 
; n.s. 



♦ Student- Newmah-Keuls's test! 

♦* Correlation coefficient, linear ^ recession aiiaiyste-. f!, tumour weight to L/P; r 2 , tumour weight to 
lipid bound neuraminic acid : r^, tumour weight to protein-bound nenraminlc acid 
Abbreviations ^.^/^um-^^f^dognis of freedom; MS, mean square; F, F-ratio\ diT dif^ 
rerence of means; 0% result of the Student-Newman-Keurs test. • ' V 

§ Tumour No. 6 omitted. • * : . 1 1 ' - . 
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k ' 250 500 750 

> : ; ^ PROTEIN BOUND NANA Mmd/IOOg wet weight > 

Fig, 3. Content of lipid- and protein-bound neuraminic acid in 11 human colonic cancer*. For explana- 
tion* *ee Fig. 1 and Table III. ■ ' " . ' ■•."'-■■<■ 



Content of lipid-bound and protein-bound NANA. Lipid-bound NANA con- 
tent was high in all colonic carcinomas arid ranged from 3.4 to 30.5 Aimol/100 
g wet weight. The average content 11.2 ± 8.4 /imol/100 g wet weight, was 3.7- : 
fold that of normal tissue. v 

Protein-bound NANA content varied greatly, from 170 to 814 >mol of N- 
acetylneuraminic acid per 100 g wet weight. The mean of protein-bound 
NANA content of total colonic material 374 ± 190 fimoi/100 g wet weight, did 
not differ statistically (f-test) from normal. Most carcinomas had an L/P ratio 
greater than normal. No grouping agreeing with this ratio was possible. There 
was no correlation (linear regression analysis) between the content of lipid- 
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TABLE 111 

CONTENT OF LIPID- AND PROTEIN-BOUND NEURAMINIC ACID IN 11 HUMAN COLONIC 
CANCERS 

The numbers of the cancers correspond with those in Fig. 3. 



No. 



Tumour Neuraminic acid, expressed as NANA 

weight ■; .' : ,J : / • 

(g) 1 prhol/100 g of wet weight Mmol/100 g of dry weight 



UP 



Lipid -bound Protein-bound Liptd-bound Protein-bound 



1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 



71.8 
49.0 
56.0 
43.0 
72.0 
25.0 
76.4 
10.4 
12.0 
191.7 
12.0 



Normal tissue * 



21.9, 

'/'■■4s2*. : 

-6.2/ 
; ;i3.o ii- 

9.3 
9.8 
12.1 

^3<).5; 

0:2 



■ 174 > 
492V': 
35fr?v 

/W373 
I' --4B6.C 
^ ; 170;- i 

508 

335 
814 

^•209;^ 

; 310 :± ' s 



95.3 

14.0 
17.5 
15.5 
33.4 
35.0 
35.6 
43.5 
52.4 
60.8 
78.3 

11.4 ± 
0.5 



* Values are expressed as mean ± S.D; of 10 samples (see ref. 10). 



759 
2025 
1489 
1571 
2418 

485 

636 
2384 
1789 
3420 

538 

1148 ± 
80 



12.5 

0.7 

1-2 
/ 1-0 

1.4 . 
; 7.2 '. 

5.6 

1.8 

2.9 

1.5 

f ?*Sr 

* 1.0 * 
0.i : 



bound and protein^ and tumour weight among different 

colonic carcinon^;:^.^;i ; '; ^ vN. ■ •[ .r- v-'v^v' : ' ■ 

Thin-layer chivptcrtogw ganglioside pattern of all the colo- 
nic carcinomas seemed , ho colonic gangliosides were present in 
. relatively normal si&o^ ^\>- - ^<^^^0^J-k 

: *" .* '■ . ' .'-.?\ vA.V'.'.V^ ■ '■ ' ?■'*■■!}/ ■ 

*. '■' J ' 'S- -*\\ '. , ^' ; -v:* i ■ '/ • ,- v * ' * ; -A' *- v - - ' 1 ' ''V ■ '"'/.'V'' 

. Discussion -'-"7 ll'" - , . " . v '. 

; In our study most of the gastric W and all of the colonic tumoiirs con- 
tained approx. four times more lipid^^^ neuraminic acid,- i.e. gangliosides, 
than corresponding norm^^ et al. [4] reported a similar increase 

in the gaiiglioside content of human kidney carcinoma. The amount of ganglio- 
sides in leucocytes from patients with myelogeneous leukaemia has also 
been found fo be^ can be drawn from;piur>re^ 
suits, but one explanation for the incre ganglioside content could b^ the re- 
duced cell size of most adenocarcinomas, since a reduced cell size would mean 
a relatively increased amount o^^^^^^^ in a weight unit, If the den-; 
sity of lipid-boUnd neuraminic acid m plasma membrane is normal or in- 
creased, as has been described for protein-bound neuraminic acid in several 
transformed cells [26] , the amount of lipid-bound neuraminic acid in the tissue 
would. increase. : KT ^ v - ! - - ' ■* . -V- ' 

In all the tumours we analysed the ganglioside pattern seemed normal. This 
finding does not agree with those reported for different vitally or chemically 
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transformed cell lines [2,3]. On the other hand, Mora et al. [20] found a nor- 
mal ganglioside pattern in cell spontaneously transformed in vitro to a tu- 
morigenic state, a finding contradictory to the original observation of Hako- 
mori and Murakami [1J. Thus, the question of whether the changes in the 
ganglioside pattern observed in cells transformed in vitro are an expression of 
the tumorigenicity of the cell or of the virus transformation remains to be 
elucidated. At this time the latter possibility has received the most support [2, 
3]. 

Only a few studies have been made of human malignant tissues. In human 
glial tumour only mono- and dineuraminyl haematosides were found [21,22]. 
In human kidney carcinoma [4] only a mononeuraminyl haematoside was de- 
tected. Since the normal ganglioside composition of these tissues is not known, 
no change in the ganglioside pattern could be determined, 
y In our study we did not find any differences between the ganglioside com- 
position of hitman gastric and colonic adenocarcinomas and corresponding nor^ 
mal muccsas. Only the total amount of gangliosides was increased in malignant 
tissues. 

The amount of protein-bound neuraminic acid was higher than normal in all 
the gastric carcinomas we examined. In the colonic carcinomas it was high in- 
most, but low in some. The amount of protein-bound NANA in normal colonic 
j mucosa was four times higher than that found in normal gastric mucosa [10]. 
in our carcinoma material this kind of tissue specificity wais lost: The means of 
the protein-bound neuraminic acid content of the gastric and colonic carcirio- 
; i mas did not differ statistically (f-test). ; ^ — t 

A decreased amount of total neuraminic acid has usually been found in viral- 
-^v ;ly^^ntformed^cell9 [5t-8J ; In human colonic adenocarcinoma the amount of 
membrane sialopeptides was decreased when compared to adjacent normal mu- 
cosa [23]. Thusj neither elevated sialyltransferase activity [24,25) nor ih- 
creased sialic acid density in surface glycoprotein [26]; two findings observed 
in virally transformed cells, can explain our finding. * 

In mucus-secreting cells, such as gastric and colonic mucosal cells, a block in 
the secretory mechanism leads to increased sialoprotein, and thus to an in- 
creased; NANA content, if the half-life of unsecreted sialoproteins is not respec- 
tively shortened. We suppose that such an occurrence could cause the increased 
; protein -bound NANA content in gastric and colonic tumours. Supporting evi- 
dence has been presented by Harms et al. [27,28]. They found an elevated 
NANA content in Morris hepatomas, in which the half-life of the NAN A in in- 
tracellular sialoproteins was considerably longer than the half-life of the plasma 
membrane-bound NANA; On the other hand, Schreiber et al. [29] have shown 
that some hepatomas lack the ability to secrete plasma proteins. 
/ .The participation in both glycolipid and glycoprotein neuraminic acid in cell^ 
• contact phenomena and growth control has already been demonstrated [30^- 
34]. We chose the ratio of lipid -bound neuraminic acid content to protein- 
bound neuraminic acid content as the common denominator for the grouping 
of our carcinoma material. This ratio includes both the parameters found to 
change in malignant transformation, glycolipid and glycoprotein content. The 
six gastric carcinomas with an L/P ratio lower than normal gastric mucosa were 
significantly bigger than those having an L/P ratio within normal limits or 
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higher than normal tissue. In this group the content of protein-bound neuramin- 
ic acid was increased, as in the total material, but the content of lipid-bound 
neuraminic acid, i.e. ganglioside content, was decreased. 

Further studies are needed to elucidate the relevance of these findings. 

Acknowledgements 

The technical assistance of Mrs, Liisa Kuivalainen and Mrs. Hilkka Ronkko 
is greatly appreciated. This investigation was supported by grants from the 
Jansson Foundatkm,: Finland^ and : ft^m i-the National Research Council of 
Medicad Sciences, Mnl^ \.; ; , 

. References • * -^:-yy-'. : ^ o ^ . - - : :y-A*\i, ■ : • < : :■ ^ 

1 Hakomort. S. and Murakami, W;T. <1968) Proc. Natl. Acad. Sci. U.S.A. 59, 254-261 . ■'■ 

2 Hakomort, S.-I. (1975) Biochlm. Biophys. Acta 417, 55—89 

3 Brady, R.O. and Fishman, P.H. (1974) Biochim. Biophys. Acta 355, 121—148 

4 Karlsson, K.-A., Samuelsson, JB;E., Schersten, T„ Steen, G.O.and Wahlqvist, L, (1974) Biochim. Bio-, 
• phys. Acta 337; 349—355 . : V: r r > \yK\,*Y . ■•■ S , - . \ 

5 Ohta, N. t Pardee, A . B. , Mc Austen, B.R. and Burger, M.M. (1968) Biochim. Biophys. Acta .168, 98— 

■ lor - ■ - -1 • ^ ' ' -v/': : " ,;V " : ;V"-^--; ?< ' 

6 Grimes, Wj. (1970)\W^ 1 j .h V ^ - ; ! 
7Culp, L.A., Grimes, W.J, and -Black, fj.H. tt?71) J; Cell. Biol. 60, 682-690 ^ v - r : : v 

. $ Perdue, J.K, Klet^^ Biophys. Acta 266, 605-510 .-f- v'^'v'? 

9 Hildebrand, J.« S tryckmanns/P.A . and V 1972) Biochim . Biophys. Acta 260; 272—278 

' 10 Keranen; A, (1976);^ ' : ,; v : :v..V ^ /;V> : 7.-! >^;A^fe^^ 

11 Rouser, G , Kritchevsky; in Lipid Chromatographic Analysis (Marinet- 
U ( E.V., ed.h Vol. 1; ppl 99^162, Marcel Decker; New York , . r - . : 

12 McCluer, R*H., Coram; E H. and Lee, H.S. (1962) J. Lipid Res. 3,856-858 .... . / . , ; " 

13 Penic. R Ji, Meisler, M Biophys. Acta 116, 279^287:v i^t* \ 

14 Yu v R.K. and Ledeen, R.W. (1970) J. Lipid : ... ; , : v f ' ;V^ ? 

15 Chambers, R .E. and Clamp, J.R. (1 97 1 ) Bjochcm. J. -126, 1009—1018 . ^ v v . i.-X-j'v- 

1 6 Svennerholm , L; : ( i 957) - Biochim.' Biophys. Acta 24, 604— 6 11 . k . ' . i 

17 Svennerholm, L. (1958) Acta C^ * ■/ /•> . Wv /^-V \\ '^w^'^'V,' - 

18 Miettinen, T. and Takki^ Scand. 13, 856-858 , *Wx^.;->'- 

19 Suzuki, K. (1964) LiffeSc^ . . ' ' r .* j -V : ; :^y^U^fi 

20 Mora, P.T., Brady, R.O., ^ V.W. (1969) Piroc. Natl. Acad. Sci. U S A^ 
- -63,1290-1296. . -nw'-^-v - ... ■ , ...... : 

21 Seifert, H. and Uhienbi^ck; G. (1965) N 62, 190-191 / ; ,-...,.> ~ ; ' - i. 'J; 

22 Ko$Uc, D. and-Buchheit, F. (197 r . \ :..,y 1 . J/V^Va:> 

23 Kim. : V.S/. Isaacs, Rvwid Per^omcs ^':M>\i974)'Fr^v!Natt. Acad. Sci; U.S.A. 17, 4869^-4873 ^ ^ - 

24 Warren. L.VEuhrer,j>.^ ^ J „. <; v v. ^< 

25 Buck, C.A., GUck v M.C, ^ : ; ' u . :i *„-'-^ 

26 Van Beek, W.P., Smets, L.S. and Emm P/ (1973)Xancer Res. 33, 2913—2922 : / : C ; ' ' 1 

27 Harms, E;, Kreisel, W;, Morris, H P. arid Reutter^W. (1973) Eur. J. Biochem. 32, 254— 262 

28 Harms, E. and ReuUer^W. (1974) Cancer Res. 34, 3 : V / -vV' : ^;/; vv 

29 Schreiber, G„ BoutweUV R iiy ip'tifeVsR. jid Morrb, H.P. (1 966) Cancer Res. 26, 23 57-^236 1 1 ;:C 

30 Kemp,R.B, (i968^Nature 2^1^,1255^ 'il " ^ r' : 
>l ; KempVli.B.(i9>70XVVCeU^ ' / ". y - ;V r- v -/W-' 

32 Vaheri, A., Ruosiahtl, E. and NordUng. S. (1972) Nature New Biol. 238. 211— 213 : : - ^ ; 

33 Sakiyma, H. and Robbins. P.W^ (1973) Fed. Prbc. 32, 6 ; v. f • - \---- ;r v.o . ■ 

34 Gahmberg, C.G., Kienn, p - . " A 

35 Svennerholm, L, (196^ ■•. * *- ^ / ; . - ^ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: . 

12 BLACK BORDERS 

O IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

12 FADED TEXT OR DRAWING 

Q3 BLURRED OR ILLEGIBLE TEXT OR DRAWING 

0JSKE WED/SLANTED IMAGES 

(3 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERRNCE(S) OR EXIIIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



